INTRODUCTION
============

Venous thromboembolism (VTE), which contains deep vein thrombosis (DVT) and pulmonary embolism (PE), is not an uncommon medical problem \[[@B1]\]. The reported age standardized incidence of first time VTE was 1.92 per 1,000 person-years in the United States \[[@B2]\]. In Korea, the incidence of DVT was 5.31 per 100,000 in 2008 and is increasing with time \[[@B3]\]. VTE is a significant cause for morbidity and mortality in the general population, the socioeconomic burden due to VTE is substantial \[[@B4]\]. Especially, iliofemoral DVT accounts for 20-25% of lower limb DVT and has the highest risk for post thrombotic syndrome (PTS) and post phlebitic syndrome \[[@B5]\]. Thus, patients with iliofemoral DVT are more prone to lifelong complications. Systemic anticoagulation therapy is a classic treatment modality for VTE. However, it does not actively dissolve thrombus and has no effect on PTS prevention \[[@B6]\]. Therefore, the various methods for effective thrombus removal that reduce complications such as post thrombotic morbidity have been introduced \[[@B5],[@B7]\].

Catheter directed thrombolysis (CDT) for iliofemoral DVT was presented in the early 1990s as an alternative to anticoagulation, systemic thrombolysis, or surgical thrombectomy \[[@B8]-[@B11]\]. CDT is an image-guided technique involving infusion of thrombolytic agents through a multiside hole infusion catheter or wire placed directly into a venous thrombus through a remote puncture site \[[@B12]\]. The main purpose of CDT is to restore the venous lumen and preserve the function of venous valves \[[@B13]\]. CDT improved long-term outcome after iliofemoral DVT by reducing PTS compared with conventional treatment with anticoagulation \[[@B14]\]. But the results of published studies demonstrated that the patients who underwent CDT needed long hospitalization and intensive care monitoring. And CDT therapy has a risk of hemorrhage, particularly in elderly patients \[[@B15]\]. Thus, CDT therapy may be used for patients with extensive acute proximal DVT (iliofemoral DVT, symptoms for ≤14 days, good functional status, life expectancy \>1 year) who have a low risk of bleeding (grade 2B) according to the latest American College of Chest Physicians guidelines \[[@B16]\].

Manual aspiration thrombectomy (AT) was first reported in 1984 \[[@B17]\]. AT restores venous patency and relieves acute symptoms quickly as well as reduces the risk of hemorrhagic complication \[[@B18]\]. But AT also has several defects such as incomplete thrombus removal, the potential for vein or valve injury and embolization risks \[[@B19]\].

This study was conducted to evaluate the results of AT in the endovascular treatment for iliofemoral DVT through a comparison of CDT-alone group and CDT with AT group, including the amount of thrombolytic agent, procedure duration, completion of thrombus removal, symptom resolve, patency rate, etc.

METHODS
=======

From November 2001 to April 2011, 100 patients received endovascular treatment with CDT for iliofemoral DVT at Yeungnam University Medical Center. Demographic characteristics and clinical outcomes were analyzed retrospectively. The diagnosis of DVT was established using color Doppler ultrasonography (duplex scan) and 3-dimentional venous computed tomography (3D venous CT). DVT was confirmed by venography performed during endovascular treatment in all patients. We have performed CDT alone in early period (\~2004) and CDT with AT in late period (\~2011). For complete clot dissolution, we used urokinase in all patients. We analyzed total patients divided into two groups: 71 patients treated by CDT with AT and 29 patients treated by CDT alone. Exclusion criteria were iliofemoral DVT more than 14 days from symptom onset, patients who could not use urokinase and anticoagulation, terminally ill patients, and the presence of PE. End-points of study were recurrent symptomatic venous thrombosis, development of PE, major hemorrhage needing transfusion, and death. All patients were followed up every 6 months and duplex scans or 3D venous CT were checked.

In prone position on the angiographic table, the venography was done and the topography of the thrombus was established. After local anesthesia, an infusion catheter was introduced under ultrasonographic guidance, preferentially into the popliteal vein. A multiside hole catheter was located across the thrombosed venous segment and attached to a low dose infusion of a thrombolytic drug. Urokinase was used as the thrombolytic agent in all cases. Urokinase was given in a loading dose of 120,000-250,000 IU/hr for 2 hours followed by infusion of 30,000-60,000 IU/hr for 22 hours through the main route of catheter; the rate used depended on the patient\'s condition, amount of thrombus, and the patient\'s weight. Heparin was administered by infusion of 5,000 IU for 24 hours through the side route of catheter. Lysis progress was monitored at venography. The starting and ending times of thrombolysis, as well as the concentration and total amount of urokinase administered, were recorded. After infusion of the lytic agent, a 9 Fr VISTA guide catheter (Cordis, Miami Lakes, FL, USA) was inserted. Using a simple plastic syringe, aspiration of remnant thrombus was done gently. Aspirations were performed from the caudal to cranial ends. While pulling the catheter back, negative pressure was applied. Advancing the catheter to the more proximal site, the procedures were repeated several times. The most cranial part was aspirated last to prevent embolization of a thrombus fragment. When thromboemboli were not seen at venography, aspiration was stopped. Fluoroscopic images were used to help find residual thrombus. Percutaneous transluminal angioplasty (PTA) and stent placement were used to treat underlying severe stenoses or to treat complications. If there was significant compression of the left common iliac vein with intraluminal webs consistent with iliac vein compression syndrome (May-Thurner syndrome), or if there was more than 50% stenosis due to residual thrombi that could not be removed with CDT with/without AT in the iliac veins or the IVC, self-expanding stents were placed and dilated with a balloon catheter; Wall (Boston Scientific, Natick, MA, USA) in 10 cases, Nitis (Taewoong Medical, Seoul, Korea) in 13 cases, Zilver (Cook Ireland Ltd., Limerick, Ireland) in 4 cases, Hercules (S&G Biotech Inc., Seoul, Korea) in 5 cases and Smart (Cordis). A prophylactic retrievable IVC filter was inserted before or after the lytic infusion in 46 patients having a free floating thrombus at the IVC or common iliac vein. After recanalization of the major venous systems, including from common iliac vein to IVC junction, was achieved, a final IVC venogram was performed to search for trapped thrombus in the IVC filter. Anticoagulation therapy with warfarin sodium was initiated and continued for a minimum of 6 months. Low-molecular-weight heparin was overlapped with warfarin sodium until the international normalized radio (INR) was in the therapeutic range. Therapy was adjusted to attain an INR in the range of 2-3.

Statistical analysis was performed using the IBM SPSS ver. 18.0 (IBM Co., Armonk, NY, USA). Continuous data are reported as mean ± standard deviation. Nominal data are reported as number of subjects. The Student\'s t-test was used to compare the mean differences between the two groups. We compared the frequency of complete thrombus removal using chi-square. Symptom resolution was estimated by using the Fisher\'s exact test. Stent patency was estimated by using the Kaplan-Meier method and comparisons of patency were made with the log rank test. A P-value \< 0.05 was considered to be statistically significant.

RESULTS
=======

Demographic information of the patients is presented in [Table 1](#T1){ref-type="table"}. The mean age of patients was 60.48 ± 14.57 years (range, 27 to 83 years). The patients consisted of 41 men and 59 women. The lesion was on the right side in 17 patients and on the left side in 83 patients. CDT alone and CDT with AT were performed in 29 and 71 patients, respectively. The mean symptom duration was 5.05 ± 3.70 days (range, 1 to 15 days). 55 patients were diagnosed with May-Thurner syndrome by 3D venous CT.

As shown in [Table 2](#T2){ref-type="table"}, the mean procedural time of the CDT-alone group was longer than the CDT with AT group (P \< 0.001) and dose of urokinase used during the procedure significantly decreased in the CDT with AT group compared to CDT-alone group (P \< 0.001).

Complete thrombus removal (≥99% elimination of thrombus) based on angiographic evidence was achieved in 48 of 71 patients (67.6%) in the CDT with AT group. In contrast, complete thrombus removal occurred in 15 of 29 patients (51.7%) in the CDT alone (P = 0.136) ([Table 3](#T3){ref-type="table"}). Complete symptom resolution as judged by the elimination of edema on the affected extremity within 24 hours after intervention, occurred in 61 cases (85.9%) of CDT with AT group and in 24 cases (82.8%) of CDT-alone group. There was no significant difference in symptom improvement (P = 0.456) ([Table 3](#T3){ref-type="table"}). PTA with stent insertion was performed in 61 patients with severe stenosis or complications. Stenting in the CDT with AT group and CDT-alone group was necessary in 45 (63.4%) and 17 cases (58.6%), respectively. There was no technical failure in stent insertion. The patency rate of iliac vein in the groups with stent (28.95%) was better than in the groups without stent (11.29%) (P = 0.026). PTS was defined as signs and symptoms including pain, heaviness, tingling sensation and swelling. There was no significant difference in the frequency of PTS between the groups with stent (10.53%) and the groups without stent (16.13%) (P = 0.433).

There were three patients with minor wound hematoma in all groups. No surgical interventions were required for these hemorrhagic complications. There was no complication related to AT or thrombolytic catheter itself. PE was not noted in all groups at arterial phase of 3D venous CT. There was no major morbidity or mortality. Follow-up was possible on all patients for an average of 37.62 ± 25.21 months (range, 1 to 82 months). No patient died as a direct result of the DVT. Follow-up information regarding lower extremity venous valvular function was collected in 72 patients by venous reflux test (20 in CDT-alone group, 52 in CDT with AT group). In venous reflux test, reflux was noted 3 in CDT-alone group (15%) and 7 in CDT with AT group (13.7%). Forty-six patients underwent prophylactic temporary IVC filter for the prevention of floating thrombus. Tulip (Cook Ireland Ltd.) was used in 35 cases and OptEase (Cordis) was used in 11 cases. Temporary IVC filter was removed within 2 weeks except patients having a free floating thrombus at the IVC after CDT with/without AT. There was no removal failure. The entrapped thrombi were founded 6 patients in only CDT with AT group. Thrombus recurrence was founded 7 patients in CDT-alone group (24.1%) and 11 patients in CDT with AT group (15.5%). The PTS was appeared 9 cases (12.68%) in CDT with AT group and 5 cases (17.24%) in CDT-alone group. There was no significant difference in PTS between the two groups (P = 0.550).

Over all patency rates of iliac vein by Kaplan-Meier method were 88.4%, 83.5%, 81.9%, 78.6% at 12, 24, 36, 48 months, respectively. Patency rates of CDT-alone group were 75.9%, 75.9%, 75.9%, 75.9% and patency rates of CDT with AT group were 90.4%, 86.6%, 83.9%, 78.2% at 12, 24, 36, 48 months, respectively ([Fig. 1](#F1){ref-type="fig"}). There was no difference in long-term patency rate between the two groups (P = 0.546).

DISCUSSION
==========

CDT has been accepted to be more effective and safer than systemic infusion but its many disadvantages have limited its widespread acceptance. Bleeding complications have been reported to occur in 0-25% of patients in a single-center series, and in 11% of patients in a multicenter venous registry study \[[@B10]-[@B12],[@B20]\]. By adding AT during CDT procedure, shorter treatment time and more reduced thrombolytic agents contribute the decrease of bleeding complication. We found that combining CDT with AT significantly reduced the mean treatment duration compared with CDT alone (P \< 0.001). And, we identified a significant reduction in mean amount of drug associated with therapy in the group treated with CDT with AT compared with CDT alone (P \< 0.001). Vedantham et al. \[[@B20]\] investigated the effect of adjunctive mechanical thrombectomy with pharmacologic catheter-directed lower extremity venous thrombolysis. In a retrospective study of 20 patients in CDT with AT group, they demonstrated a procedural success rate of 82% and reduced doses of thrombolytic agents and infusion time compared with a previously published series of patients treated with CDT alone. The fact that the required treatment time and doses of thrombolytic agents decreased in CDT with AT group compared to CDT-alone group coincided with our data. In addition, CDT with AT was associated with a reduction in the cost of interventional material and the number of venographic assessments in the interventional suites \[[@B21]\]. AT is also associated with shorter intensive care unit and hospital stays as well as reduced hospital costs without difference of thrombus removal rate between CDT with AT and CDT alone \[[@B20]\]. We did not check the hospital costs. Because the procedure time and the amount of thrombolytic agents were decreased, medical costs might be reduced.

There were no statistically significant differences in clinical outcomes judged by complete thrombus removal and elimination of symptom between the two groups. But, the frequency of complete thrombus removal was higher in CDT with AT group (67.6%) than CDT-only group (51.7%). The frequency of symptom resolution was also higher in CDT with AT group (85.9%) than CDT-only group (82.8%).

With mechanical clot dissolution, clot migration or embolization is of clinical concern. The incidence of symptomatic PE and fatal PE during CDT was reported as 1% and 0% to 0.2%, respectively \[[@B12],[@B22]\]. Kinney et al. \[[@B23]\] reported that CDT with AT had a higher rate of PE complications when used for hemodialysis graft declotting but not when used for DVT treatment. Cases of PE were not noted in each group in our series, but entrapped thrombus during procedure was noted in 6 of 37 cases in the CDT with AT group and 0 of 9 cases in the CDT-alone group among 46 patients previously inserted with prophylactic IVC filter. Noguchi et al. \[[@B24]\] reported that temporary IVC filters are useful and safe for the management of an acute proximal DVT, especially in patients who require aggressive thrombus removal. When we viewed the above results, prophylactic IVC filter insertion should be considered for the prevention of PE by floating thrombus in AT treatment.

In conclusion, our study suggested that the use of AT offers more effective thrombus removal in less time and doses of thrombolytic agents required. CDT with AT is safe and effective for the treatment of an acute iliofemoral DVT. In AT treatment, prophylactic IVC filter insertion should be considered for the prevention of PE by floating thrombus.
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The characteristics of the patients with acute deep vein thrombosis treated with CDT
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Values are presented as mean ± standard deviation.

CDT, catheter directed thrombolysis; AT, aspiration thrombectomy.

###### 

Thrombolytic agent amount and thrombolytic infusion time during the procedure

![](jkss-84-292-i002)

Values are presented as mean ± standard deviation.

CDT, catheter directed thrombolysis; AT, aspiration thrombectomy.
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Comparison of the clinical outcomes between the CDT alone and CDT with AT
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